Background In 2015, the Committee on Diagnostic Criteria of the Japanese Study Group on Pancreaticobiliary Maljunction (PBM) proposed a classification of PBM into four types: (A) stenotic type, (B) non-stenotic type, (C) dilated channel type, and (D) complex type. To validate this classification and clarify the clinical features of the four types of PBM, a retrospective multicenter study was conducted. Methods The study group of 317 children with PBM was divided into the four types of PBM. Clinical features, preoperative complications, operations, and postoperative pancreatic complications were evaluated. Results All patients underwent excision of the extrahepatic bile duct. In type A, the age was younger and there was a higher incidence of cystic dilatation. Non-dilatation of the common bile duct was frequently seen in type B. Abdominal pain with hyperamylasemia was frequently seen in types B and C. In particular, the incidence of protein plugs and biliary perforation was high in type C (56.1% and 14.3%, respectively). The overall incidence of acute pancreatitis was 7.3%. Pancreatitis after excisional surgery was rare in the children in this study. Two patients with type D (0.6%) developed chronic pancreatitis postoperatively. Conclusions This proposed classification is simple and correlates well with clinical features.
Introduction
Pancreaticobiliary maljunction (PBM) is a congenital anomaly defined as a junction of the pancreatic and bile ducts located outside the duodenal wall, forming a long common channel [1] . Therefore, regurgitation freely occurs between the bile and pancreatic ducts, leading to development of various hepatobiliary and pancreatic disorders such as cholangitis, pancreatitis, and biliary carcinoma. Cases of PBM occur with or without biliary dilatation. Cases of Todani's type Ia, Ic, and type IV-A biliary dilatation (choledochal cyst) are generally accompanied by PBM.
Various classifications of PBM according to the form of the confluence between the distal common bile duct and the pancreatic duct have been created [2] [3] [4] [5] [6] [7] ; however, these classifications have not been widely accepted. Therefore, in 2015 the Committee on Diagnostic Criteria of the Japanese Study Group on Pancreaticobiliary Maljunction (JSGPM) proposed a PBM classification, which was simple and convenient, and was approved in the 38th Annual Meeting of JSGPM. The Committee's proposed classification divided PBM into the following four types: (A) stenotic type, (B) non-stenotic type, (C) dilated channel type, and (D) complex type.
To validate this PBM classification, we retrospectively evaluated the clinical features and postoperative pancreatic complications in children with PBM according to the four types of PBM.
Classification of PBM
In 2015, the Committee on Diagnostic Criteria of JSGPM proposed the classification of PBM into four types (Fig. 1) .
Type A (stenotic type): The stenotic or narrow segment of the distal common bile duct joins the common channel, and dilatation of the common bile duct is seen.
Type B (non-stenotic type): The distal common bile duct without any stenotic or narrow segment smoothly joins the common channel. Localized dilatation of the common channel is not seen.
Type C (dilated channel type): The common channel is dilated. The narrow segment of the distal common bile duct joins the common channel, and abrupt dilatation of the common channel is seen.
Type D (complex type): Complicated union of the pancreaticobiliary ductal system as follows: PBM associated with annular pancreas, pancreas divisum, or other complicated duct systems.
Materials and methods
The study was approved by the institutional review board of Shizuoka Children's Hospital (No. H26-52). To clarify the clinical features of the types of PBM, a retrospective multicenter study was conducted at the following seven institutes in Japan: Shizuoka Children's Hospital, Kobe Children's Hospital, Nagoya University Hospital, Kansai Medical University Hospital, Osaka City University Hospital, Nihon University Itabashi Hospital, and Chiba University Hospital. We reviewed children with PBM (<16 years of age) who underwent surgery between 2001 and 2013. The subjects were divided into four groups according to the PBM classification using the following imaging methods: computed tomography (CT), magnetic resonance cholangiopancreatography, endoscopic retrograde cholangiopancreatography (ERCP), and intraoperative cholangiography. Patients without clear imaging studies of the common bile duct, pancreatic duct, and pancreaticobiliary junction were excluded from this study. The study subjects comprised 317 children with PBM. Clinical features, clinical symptoms, hyperamylasemia (>130 IU/L), hyperbilirubinemia (>17.1 lmol/L of total bilirubin), protein plugs, biliary stones, preoperative complications, operations, and postoperative pancreatic complications were evaluated according to the PBM classification.
Common bile duct types were defined as cystic type, fusiform type, or non-dilated type. Dilatation of the common bile duct was not clearly defined, and the maximum diameter of the common bile duct increase with age [8] .
In the present study, the diagnosis of non-dilated type was made by the doctors in charge of the study among the participating institutes. The non-dilated type was diagnosed when the maximum diameter of the common bile duct was less than 6 mm, and the shape of the common bile duct seemed to be normal. The diagnosis of acute pancreatitis was made when the presence of symptoms consistent with acute pancreatitis, elevation of serum amylase levels, and radiologic signs showing inflammation of the pancreas such as pancreas edema or fluid collection were fulfilled. Patients without evident inflammation of the pancreas were not diagnosed as having pancreatitis. A protein plug was diagnosed as a defect in or near the common channel on imaging studies, or white or yellow fragile material found at operation.
Statistical analysis
Frequencies and percentages were used to describe categorical data. The median and interquartile ranges (IQR) were used to describe continuous data. Statistical analysis was performed using JMP version 10 TM (SAS Institute, 
Results
A total of 317 PBM children who underwent surgery from 2001 to 2013 were included in this study (Table 1) . These patients included 65 males and 252 females, and the median age at operation was 2.9 years (IQR: 1.6-5.1 years). Regardless of the presence or absence of biliary dilatation, all patients underwent excision of the extrahepatic bile duct with hepaticoenterostomy (310 Roux-en-Y hepaticojejunostomy and seven hepaticoduodenostomy). The intrapancreatic bile ducts were excised at the level of the narrow segment or near the level of the pancreaticobiliary junction in all patients. Two patients with type D PBM underwent transduodenal sphincteroplasty at the same time as excisional surgery. Dilatation of the common bile duct was observed in 293 patients (PBM with biliary dilatation). Cystic dilatation was found in 166 patients (52.4%) and fusiform dilatation in 127 patients (40%). In the remaining 24 patients (7.6%), dilatation of the bile duct was not seen (PBM without biliary dilatation). The median follow-up period was 7.3 years (IQR: 4.1-10.5 years, range: 1.3-15.8 years). The study patients were divided into four groups according to the PBM classification: group A comprised 131 patients with type A (41.3%), group B comprised 76 patients with type B (24%), group C comprised 98 patients with type C (30.9%), and group D comprised with 12 patients with type D (3.8%). In the 12 patients with type D, pancreas divisum was observed in six patients and annular pancreas in five patients, and the remaining one patient had other complications of the duct system. In two of the patients with annular pancreas, transduodenal sphincteroplasty was performed at the same time as excisional surgery.
Clinical features and symptoms
There were significant differences in age (P < 0.01), and type of the common bile duct (P < 0.01) between the groups. In patients with type A, the age was younger and there was a higher incidence of cystic dilatation (88.5%). Non-dilatation of the common bile duct was frequently seen in patients with type B (22.4%). The maximum diameter of the common bile duct in patients with type A was larger than that of the patients with the other types ( Table 2 ). All 18 patients who were prenatally diagnosed with PBM had type A. In groups B, C, and D, abdominal pain and hyperamylasemia were more frequent than in group A. However, there was no difference in the incidence of acholic stool and jaundice as clinical symptoms between the groups (Table 3) .
Preoperative complications
There were significant differences in the incidence of biliary perforation (P < 0.01) and protein plugs (P < 0.01) between groups. However, there was no difference in the incidence of acute pancreatitis and biliary stone formation between groups. The incidence of biliary perforation and protein plugs was high in patients with type C (14.3% and 56.1%, respectively). No patient had chronic pancreatitis preoperatively (Table 4) .
Postoperative pancreatic disorders
The median follow-up period was 7.3 years (IQR: 4.1-10.5 years). There were no significant differences in the length of the follow-up period between groups (P = 0.48).
Of the 317 subjects with PBM, four patients (1.3%) experienced late pancreatic disorders after surgery, with a significant difference between groups: one occurrence in group C, and three occurrences in group D. Among these four patients with late pancreatic disorders after surgery, three patients (0.9%) had recurrent pancreatitis (Table 5) . Subsequently, endoscopic sphincterotomy (EST) was performed in two patients, including a 3-year-old girl with type C who had undergone excision of the extrahepatic duct at the age of 1 year, and who developed recurrent pancreatitis with protein plugs in the dilated common Ex excision of extrahepatic bile duct, HD hepaticoduodenostomy, HJ hepaticojejunostomy channel. After undergoing EST with removal of the protein plugs, she did well. The other patient was a 5-year-old girl with pancreas divisum, who had undergone excision of the extrahepatic duct at the age of 1 year, and who had recurrent pancreatitis. CT and ERCP showed dilatation of the main pancreatic duct with calcium calculi in the branches of the pancreas head. She underwent EST and received a stent insertion of the minor papilla, but she experienced recurrent pancreatitis. The remaining two patients, who were followed conservatively, included a 5-year-old girl with annular pancreas, who had undergone duodenoduodenostomy due to duodenal atresia and excision of the extrahepatic duct at the age of 3 days and 4 years, respectively, who developed recurrent pancreatitis with calcium calculus in the pancreas head. The other patient was a 23-year-old female with complications of the duct system, who had undergone excision of the extrahepatic duct at the age of 15 years. Protein plugs in the dilated common channel were found during follow-up; however, she had no symptoms because of sufficient drainage from the minor papilla.
Of the 317 study patients, two patients (0.6%) developed chronic pancreatitis with calcium calculus; however, no patients had any disturbance of exocrine pancreatic secretion during follow-up.
Discussion
Pancreaticobiliary maljunction causes various hepatobiliary and pancreatic disorders such as cholangitis, pancreatitis, and biliary carcinoma. PBM is found in almost all patients with Todani type Ia, Ic, and IV-A choledochal cysts, while PBM is also observed in cases without biliary dilatation. The etiology of PBM and biliary dilatation has not been clear. The Todani classification of congenital biliary dilatation [9] is widely accepted worldwide. Although various classifications of PBM have been reported on the basis of the types of confluence between the distal common bile duct and pancreatic duct, and the morphology of the common channel [2] [3] [4] [5] [6] [7] , these classifications have not been widely accepted.
In 1977, Komi et al. proposed a classification of PBM in which PBM was divided into three types according to the type of pancreaticobiliary junction: (a) the narrow common bile duct joins the pancreatic duct (right angle type, C-P type), (b) the pancreatic duct joins the common bile duct (acute angle type, P-C type), and (c) complex type [4] . Based on this classification, an annual registration of patients via a nationwide survey in Japan of PBM was conducted to classify cases of PBM. Furthermore, Komi et al. proposed a new classification of PBM, which was a modification of the previous classification; in the new system, PBM was divided into three types, with subtypes according to the presence of common channel dilatation [5] . Komi et al. reported that a dilated common channel could be the cause of recurrent pancreatitis. However, this classification is complicated, and has not been widely accepted. Many investigators have used various classifications of PBM for representing the PBM types. Therefore, in 2015 the Committee on Diagnostic Criteria of JSGPM proposed a PBM classification, which was simple and convenient, and was based on the consensus of experts. The proposed classification was approved in the 38th Annual Meeting of JSGPM. The Committee's proposed classification divided PBM into the following four types: (A) stenotic type, (B) non-stenotic type, (C) dilated channel type, and (D) complex type.
The aim of the present study was to validate the proposed PBM classification to clarify the characteristics of each of the four types of PBM in children.
Pancreaticobiliary maljunction has generally been divided into three main types (types A, B and C), and a complex type (type D, which is rare). In patients with type A, the age was younger than generally observed in the present study and there was a higher incidence of cystic dilatation. On the other hand, PBM without biliary dilatation was frequently seen in patients with type B. Abdominal pain with hyperamylasemia was frequently seen in patients with type B and type C. In particular, the incidence of protein plugs and biliary perforation was high in the patients with type C. On the other hand, preoperative severe pancreatitis was relatively rare in children, and two patients with type D developed recurrent pancreatitis postoperatively.
Biliary perforation is one of the serious complications in children with choledochal cyst; this is not a rare complication, and has a reported frequency of 1.8-18% [10] [11] [12] [13] [14] . In the present study, 19 (6%) of 317 children with PBM developed biliary perforation; in particular, the incidence was high in children with type C (14.3%). In children with PBM, protein plugs are frequently seen in or near the common channel at the time of attacks of abdominal pain. The reported incidence of protein plugs has ranged from 9.3% to 40% [15] , and 37% in our series. The mechanism of protein plug formation is considered to be regurgitation of pancreatic juice into the bile duct, resulting in the mixing of pancreatic juice and bile juice [16] . Protein plugs in the common channel or distal bile duct cause obstruction to the bile and/or pancreatic flow, resulting in abdominal pain with hyperamylasemia and jaundice. The cause of biliary perforation is probably biliary obstruction due to protein plugs, in which the bile duct pressure increases and/or pancreatic juice easily regurgitates into the bile duct, resulting in severe inflammation in the wall of the bile duct. Biliary perforation frequently occurs in children who are waiting to undergo definitive surgery [14] . Children with type C, which is especially associated with protein plugs, are at risk for biliary perforation. Some of these children have severe abdominal pain, and emergent bile drainage should be considered if that occurs. The etiology of the dilated common channel, in either the congenital or acquired form, is unclear.
The incidence of acute pancreatitis in association with PBM has been reported as 31% to 61% [17] [18] [19] , and chronic pancreatitis has also been reported. In the present series, the incidence of hyperamylasemia in children with PBM was high, especially in the patients with types B and C (85.5% and 72.5%, respectively). However, the overall incidence of acute pancreatitis with evident inflammation of the pancreas was 7.3%; no significant difference was observed among PBM types. Patients with PBM often have recurrent abdominal pain accompanied by hyperamylasemia. Although these patients are usually diagnosed as having acute pancreatitis because of hyperamylasemia, these attacks of abdominal pain generally subside in a short period with conservative treatment, and evidence of pancreatic inflammation is rarely observed at the time of surgery [20, 21] . The hyperamylasemia and pancreatitis are probably caused by transient obstruction of the common channel or distal bile duct due to protein plugs. Chronic pancreatitis was not observed preoperatively in any of the PBM types.
Excision of the extrahepatic duct is a standard operation for PBM with biliary dilatation, while a treatment strategy for PBM without biliary dilatation is still controversial. In a Japanese nationwide survey, cholecystectomy alone was found to be performed in 70% of adults with PBM without biliary dilatation because of the low incidence of bile duct cancer [22] . On the other hand, excision of the extrahepatic duct is preferred in children with PBM without biliary dilatation. In our series, all children with PBM underwent excisional surgery regardless of the presence or absence of biliary dilatation. The ideal treatment for PBM with biliary dilatation is complete excision of the intrapancreatic bile ducts for preventing pancreatic stone formation in any residual intrapancreatic bile ducts [23, 24] . In patients with narrow segment (type A) PBM, excision is easily extended to the level of the narrow segment. However, in patients without a narrow segment (type B), it is difficult to perform excision up to the pancreaticobiliary junction distally; intraoperative cholagiography or endoscopy may be useful in those cases.
In the present study, postoperative pancreatitis seemed to be relatively rare after adequate excisional surgery, but two of the patients with type D developed chronic pancreatitis after excisional surgery. One had annular pancreas and the other had pancreas divisum. The embryological process of the pancreas is complicated, and PBM is often associated with other congenital pancreatic anomalies, including pancreas divisum and annular pancreas [17, 25, 26] . Pancreas divisum and annular pancreas cause pancreatitis and probably play major causative roles in the development of such conditions. Therefore, in the patients with type D having recurrent pancreatitis, additional management strategies including sphincterotomy should be considered.
This study had some limitations. First, the analyses were conducted retrospectively in the seven institutes, and the classification of PBM type was made by the doctors in charge of this study among the participating institutes. Thus, differences in applying the classification among the various study doctors may have influenced the results. Second, this study was conducted in children, with a relatively short follow-up period. Although this study had a large case series of PBM in children, evaluation in adults with PBM and a longer follow-up period are necessary.
Conclusions
The Committee on Diagnostic Criteria of JSGPM has proposed a classification of PBM into four types: (A) stenotic type, (B) non-stenotic type, (C) dilated channel type, and (D) complex type. The incidence of biliary perforation is high in children with type C. In children with type D, recurrent pancreatitis may occur even after excisional surgery due to associated pancreatic anomalies. This proposed classification is simple and better correlates with clinical features than other classifications. Although the etiology of PBM is not still clear, we believe the proposed classification may be useful as a guide for treatment.
